research report ] T T CONCLUSION: The relatively high number of injuries reported and the resulting loss of dance time support the need to introduce interventions to reduce the risk of injury in professional dancers.
B allet dancers are described as both artists and athletes, 19, 25 performing complex artistic routines that require a high level of athletic ability due to the extreme physical demands placed on them. 51 Consequently, ballet dancers are at risk for injuries that can potentially disrupt performance and curtail a career. 23, 51 The van Mechelen et al 56 injury prevention model indicates the need to understand the extent of the injury problem. However, within dance, this has been challenging due to methodological deficiencies and inconsistencies in published epidemiological studies. 4, 22, 27 These include the choice of research design, such as injury surveys 3, 26, 28, 46 and retrospective data collection, 17, 37 and variations in injury definitions, including medical attention 17, 37 and financial cost. 18 When examined prospectively, the incidence of dance injury has been reported to be between 0.62 and 5.6 injuries per 1000 dancing hours. 19, 30, 38 Two of these studies were based on preprofessional dancers, 19, 30 which may render the findings less generalizable to a professional ballet company. 22, 53 Although epidemiological studies can aid in the understanding of the injury profile, allowing appropriate interventions to reduce the risk of injury, 34, 35, 40 the epidemiology of injuries in ballet is not well understood. Therefore, the pur-pose of this study was to undertake injury surveillance of professional ballet dancers to enhance our understanding of injuries and to provide a foundation for future interventions to reduce injury incidence. Specific objectives were to report the incidence, severity, and etiology of injuries sustained by a cohort of professional ballet dancers, including the nature of the injuries as intrinsic or extrinsic, whether they were traumatic or from overuse, and the episode of injury (first occurrence, exacerbation, or recurrence). Furthermore, the objective was to look at the impact of dance activity and the dancers' rank on injuries and whether differences occur between genders. T T RESULTS: A total of 355 injuries were recorded, with an overall injury incidence of 4.4 injuries per 1000 hours (female, 4.1; male, 4.8; P>.05) and a mean of 6.8 injuries per dancer (female, 6.3; male, 7.3; P>.05). Mean injury severity was 7 days (female, 4; male, 9; P<.05). Most injuries were classified as overuse (64%; female, 68%; male, 60%; P>.05); mean severity of injury was 3 days for females and 9 days for males (P<.05). The percentage of traumatic injuries was 32% for females and 40% for males (P<.05); the corresponding severity was 6 and 10 days, respectively (P<.05).
METHODS
[ research report ] with first artist and artist constituting the corps de ballet. Female principals had a mean  SD age of 28  4 years, soloists an age of 29  4 years, first artists an age of 23  2 years, and artists an age of 21  3 years. Male principals had a mean  SD age of 28  3 years, soloists an age of 27  4 years, first artists an age of 24  4 years, and artists an age of 20  2 years. The different ranks largely determined the different dancing demands. All dancers were injury free at the beginning of the study. The dancers had access to free in-house medical care, which included 3 physiotherapists, 2 masseurs, and 1 body conditioner.
The company's workload was repre-sented in 2 distinct periods: a rehearsal period, which entailed class and rehearsals that took place 6 days a week over blocks of 2 to 6 weeks, followed by a performance period. During the performance period, class and rehearsals still took place (although rehearsal times were reduced 
Injury Reporting
Injuries were reported using a time-loss definition of injury, as modified from Brooks et al, 8, 9 whereby data were collected for "any injury that prevented a dancer from taking a full part in all dance-related activities that would normally be required of them for a period equal to or greater than 24 hours after the injury was sustained." 8, 9 Injuries were reported by 1 of the 3 full-time, inhouse physiotherapists on a standardized injury-assessment form (ONLINE APPENDIX). Injury severity was defined by the num- ber of days a dancer took to return to full fitness, and full fitness was defined as the ability to take a full part in the dance activities that were typically planned for that day. This definition was modified from studies by Brooks et al, 8, 9 Fuller et al, 17, 18 and Pluim et al. 44 Injury severity was grouped as transient (return within 7 days), mild (return within 7 to 28 days), moderate (return within 29 to 84 days), and severe (return after 84 days). 8, 9, 20 Reported injury history was used to determine the mechanism of injury. Injury diagnosis was recorded using Version 9 of the Orchard Sports Injury Classification System. 41 During analysis, the injuries and body regions were grouped into areas of clinical interest, while providing sufficient numbers for meaningful analysis. A recurrent injury was defined as an injury of the same type and at the same site as the index (firstepisode) injury, occurring after a dancer's return to full participation from the index injury within 2 months (definitions modified from Fuller et al 16 ). An exacerbation was defined as a worsening of the state of a nonrecovered complaint, such that the dancer could not take a full part in dancerelated activities that would normally be required (definitions modified from Fuller et al 16 ). All other injuries were classified as first-episode injuries. Injuries were either classified as traumatic (an injury that resulted from a specific identifiable event) or overuse (an injury caused by repeated microtrauma without a single identifiable event responsible for the injury). 17 The nature of the cause of injury was classified as either intrinsic (injuries related to the characteristics of an individual participant [eg, strength and joint stability]) or extrinsic (injuries arising from external sources [eg, surfaces, protective equipment, and props]) (ONLINE APPEN-DIX). 3, 33, 56 Dancing exposure was recorded and calculated by the lead researcher, using detailed call sheets and performance schedules that contractually dictated the daily activities of dancers within the company. Exposure was calculated using data for all dancers within the company.
Data Analysis
The severity of injuries was calculated as the number of days between the date of injury and the date of return to dancing, and reported as mean severity, with 95% confidence intervals (CIs). 57 The incidence of injury and total days of ab-sence due to injuries were calculated as the number of injuries or number of days absent per 1000 hours of dancing, with 95% CIs. 58 A Poisson distribution model was used to calculate CIs. 8, 9, 20 A significant difference between categories or groups was assumed if the 95% CIs did not overlap. 42 A Pearson correlation was applied to individually calculated injury incidences and individual injury numbers to determine whether there might be an association between age and injury. All correlations and associations were calculated using Minitab Version 16 software (Minitab Inc, State College, PA).
RESULTS
A lthough all dancers in the company recorded at least 1 injury during the study, 2 of the dancers incurred their injury outside of the dance-related exposure period (class, rehearsal, and performances) and were not included in the analysis. Therefore, data are reported for 50 of the 52 dancers.
During the 1-year period, a mean of 6.8 injuries per dancer (females, 6.3; males, 7.3; P>.05) were recorded. The mean severity of injury was significantly [ research report ] higher (P<.05) in male dancers (9 days) than in female dancers (4 days) (TABLE 1). The majority of injuries in female dancers were classified as transient (94%), and the remaining injuries were classified as mild (5%) or moderate (1%). There were no severe injuries in female dancers. Similarly, the majority of injuries in male dancers were classified as transient (87%), and the remaining injuries were classified as mild (9%), moderate (2%), or severe (2%).
In both male and female dancers, the number of injuries classified as transient was significantly greater (P<.05) than the number of injuries classified as mild, moderate, or severe.
Mechanism of Injury
A large number of the mechanisms of injury were classified as "cannot recall" (19.6%) or "other" (25.8%). Otherwise, the largest proportion of injuries were sustained during jumping activities, with small, middle, and large jumps accounting for 9.9%, 5.9%, and 9.0% of all injuries, respectively. Performing arabesque accounted for 7.1% of dance injuries, whereas lifting accounted for 5.9% and pointe work accounted for another 5.2%.
Intrinsic and Extrinsic Factors
Data on the nature of the injuries indicated a similar incidence of injuries due to extrinsic factors in females (1.49/1000 h) and males (1.64/1000 h). However, there was a greater incidence of injuries related to intrinsic factors for males (3.12/1000 h) compared to females (2.65/1000 h). Injuries related to intrinsic factors accounted for the majority of injuries (female, 64%; male, 66%), as well as the greatest percentage of days absent (female, 70%; male, 80%) (TABLE 2). The incidence and severity of injuries related to intrinsic factors were greater than those of injuries related to extrinsic factors (P<.05).
Overuse/Traumatic Injuries
Overuse accounted for 68% of injuries in females and 60% of injuries in males 
Body and Injury Grouping
The majority of injuries sustained were to the lower leg, ankle, and lumbar regions (FIGURE 2). Thigh muscle spasms/strains/ tears, ankle instability/ligament sprains, medial tibial stress syndrome, cervical facet joint dysfunction/nerve root pathology, and lumbar muscle spasms/strains/ tears were the most common injuries overall. Females reported a higher incidence of lumbar facet joint dysfunction/ nerve root pathology ( 
Activity
When comparing the 3 dance-related activities (class, rehearsal, and performance), both female and male dancers experienced a significantly lower incidence of injury during rehearsals com- 
Rank and Age
The male principals, first artists, and artists all experienced a significantly higher incidence of injury than the soloists (P<.05), and among female dancers artists experienced the highest incidence of injury, which was significantly higher than that experienced by principals and first artists (P<.05). For the female dancers, the first artists recorded the lowest incidence of injury. The severity of injury was highest in female artists (29 days of absence per dancer) and soloists (28 days of absence per dancer), and in male first artists (125 days of absence per dancer) and principals (121 days of absence per dancer) (TABLE 5). There was no correlation between age and incidence (r = -0.20, P = .16) and age and number of injuries (r = -0.19, P = .18).
DISCUSSION
T he purpose of this study was to report the incidence, severity, and etiology of injuries sustained by a cohort of professional ballet dancers. The injury definition and methodology were consistent with those of other studies of injury incidence in sport 8-10 and the 3 international consensus statements on injury data collection in sport. 17, 18, 44 As 94% of female dancers' and 87% of male dancers' injuries in this study resolved in less than 7 days, the 5-week holiday period that preceded this study provided the opportunity for resolution of any previous injuries and allowed us to include all dancers within the company at the start of the study. Over the 1-year period of the study, our professional ballet dancers experienced 4.44 injuries per 1000 hours of dance, which represents the upper end of the range of incidence previously reported in prospective epidemiological studies of ballet dancers (0.62-5.6/1000 h). 19, 30, 38 A difference in the levels of participation (preprofessional versus professional) in 2 of the 3 previously published prospective dance studies, 19, 30 coupled with the failure of the third study 38 to describe the injury definition, precludes their comparability. In regard to other studies of dancerelated injury, the wide variety of injury definitions used and the methodological deficiencies also prevent any meaningful data comparison. For example, a study of a modern dance company reported a much lower incidence of injury, but the differences between modern dance and ballet and the injury definition used, which required a financial outlay, could explain the differences. 7 The time-loss injury definition used in the current study made it easy to objectively identify and report injuries that directly impacted the dancers' ability to perform dance-related activities. International consensus within sports 17, 18, 44 and the National Collegiate Athletic Association Injury Surveillance System 12, 32 have determined that a similar time-loss definition should be utilized in injury epidemiology studies.
Professional ballet dancers perform a high number of dance-related hours per week (a mean of 34 hours per week in the current study), which has resulted in a mean of 6.8 injuries per dancer per year. It would therefore appear prudent to encourage the implementation of injury prevention and therapeutic interventions in an attempt to reduce the impact of these injuries. 15, 56 Improving medical support and a greater focus on injury prevention have been shown to have a positive impact on injury rate in dancers. 7, 52 
Mechanism of Injury
The sports literature has often reported the percentage or incidence of injuries relating to mechanism of injury, 1,10,13 and the dance literature has often looked to links between specific injuries and mechanism of injury. 4, 38, 46, 59 In an attempt to understand the causes of dance injuries, data on how an injury occurred were collected, as well as dancers' reports on the mechanism of their injury, selected from a list on the standardized assessment form. Although the majority of injuries were seen within 24 hours of the injury event, a large proportion of dancers could not recall the inciting event, which is consistent with the higher incidence of overuse injuries in that population. A proportion of dancers also felt that the mechanism of injury was not covered by the categories presented on the standardized list and therefore classified the mechanism of injury as "other." The purpose of a standardized list is to provide meaningful groups for analysis; however, 
Female Male
as this list failed to capture a proportion of the mechanisms of injury, further work is needed to examine what deletions and additions need to be made. In addition, it was also anticipated that an activity like arabesque might not always be the cause of an injury but, rather, exposed a limitation in dancing capacity due to the injury. A higher proportion of injuries related to jumps was anticipated, with the smaller jumps involving increased loading on the lower-leg muscles 57 and the larger jumps involving greater ground reaction forces, 39 both of which may increase overall fatigue and risk of injury. 61
Intrinsic/Extrinsic Factors
Risk assessment in sport or dance necessitates identifying risk factors that can be categorized as intrinsic or extrinsic. 3, 15, 33, 56 A number of studies in the dance literature have suggested that both intrinsic and extrinsic factors need to be considered when examining injuries in dance. 6, 29 In the present study, the nature of injuries as intrinsic or extrinsic was determined by the clinician, based on the history of the injury. These categories were further delineated (ONLINE APPENDIX) to assist in decisions regarding injury management of the patient. The nature of the injuries recorded in this study suggests that a greater risk may result from intrinsic causation factors, with both female and male dancers recording a higher rate of injuries sustained intrinsically (2.65/1000 h and 3.12/1000 h, respectively) than extrinsically (1.49/1000 h and 1.64/1000 h, respectively). A potentially important extrinsic factor may arise from the energy return and force reduction properties of the various surfaces (eg, sprung-floor stage) on which the company performs. When considering extrinsic risk, the opportunity to modify a factor such as surface presents a challenge due to the restrictions on resources and access to the various surfaces, and should therefore be considered for future study. A more feasible and applicable approach would be to consider interventional strategies that primarily focus on intrinsic factors, which are more readily modifiable.
Overuse/Traumatic Injuries
The presence of highly repetitive dance movements in both training and performance is likely the reason for the greater incidence of overuse compared to traumatic injuries in this population (female overuse, 2.82/1000 h; female traumatic, 1.49/1000 h; male overuse, 2.84/1000 h; male traumatic, 1.93/1000 h). This appears consistent with other dance studies that have described a greater percentage of overuse injuries. 7, 30, 38, [50] [51] [52] Traumatic injuries were generally of greater severity in both female (overuse, 3 days; traumatic, 6 days) and male dancers (overuse, 9 days; traumatic, 10 days). It is possible that the free and accessible in-house medical care available at this ballet company facilitated the reporting of overuse injuries at an early stage, prompting early intervention and quicker resolution of the injury. This is in contrast to traumatic injuries, in which damage to anatomical structures may require greater time to heal despite early intervention.
Episode/Recurrence
It is recognized that a previous injury may increase the risk of sustaining a similar injury in the future. 1 Because risk assessment and management are part of the objective of injury surveillance, it is important to record the occurrence of each injury episode. Female dancers in this study had 2.05 first-episode injuries, 0.46 exacerbation injuries, and 1.64 recurrent injuries per 1000 hours. Male dancers had 0.49 first-episode injuries, 2.76 exacerbation injuries, and 1.51 recurrent injuries per 1000 hours. The reason for the higher exacerbationinjury rate in male dancers may be linked to the nature of the medical provision at this company and the injury definition used. This company employed 3 full-time in-house physiotherapists, with the advantage that dancers could often attend treatment sessions for musculoskeletal injuries, allowing them to continue a full dance workload. When dancers' symptoms worsened and impacted their ability to perform, these injuries were reported as an exacerbation. This study chose to account for those dancers who were undergoing treatment but were not limited in their performance capacity, as this appeared to be standard practice in this company. As part of an evaluation of patient management in high-performance environments, the use of episode classification provides important information on how the management of patients' activity levels during injury may be evaluated. For example, having established that a high proportion of injuries were recurrent, as this study did, clear returnto-dancing criteria for injured dancers could be defined. The decision to return to full dancing activity is usually reached via consensus between the dancer and the medical team. Understanding the level of recurrence can help steer this process and inform enthusiastic dancers as to the risk of an early return to dancing. It may further add value by allowing an evaluation of the rehabilitation process.
Body Region and Injury Grouping
This study reported a high proportion of lower-limb injuries, particularly in the lower leg (females, 17%; males, 19%), ankle (females, 15%; males, 13%), and foot (females, 10%; males, 8%), and lumbar injuries (females, 16%; males, 12%). This is consistent with a previous report on dancers 26 and the demands on the lower limbs related to the technical aspects of ballet and the extreme ranges of movement required of the lumbar region. 49 Those data are also consistent with previously published data on ballet injuries. 19, 21, 31, 37, 38, 45, 52, 60 In the present study, 5% of injuries in female dancers and 9% of injuries in male dancers occurred in the knee region, which is similar to the data from 2 of the larger injury surveillance studies reported in the literature. 7, 52 The 13% and 10% of injuries in female and male dancers, respectively, recorded for the neck region are consistent with findings in the litera- 14, 36, 37, 47, 52 although the studies that used self-reporting 11 or seeking medical advice 46 in their methodology failed to report injuries to the neck region. Perhaps due to these methodologies, dancers failed to perceive the impact of neck injuries to the same extent that they perceived lower extremity and lumbar injuries. The differences observed in injury profile between female and male dancers may be explained by the disparate choreographic demands of classical ballet. The demands and nature of lifting for males may account for the increase in lumbar, thoracic, and shoulder pathologies, whereas the requirement of going en pointe may explain the higher incidence of foot muscle spasms/strains/ tears and first metatarsophalangeal joint pain in female dancers. 31, 36, 45, 48, 60 Activity, Rank, and Age
The lowest incidence of injury was reported during rehearsal, in which activities tend to be less physically intense and there are frequent breaks for explanations and directions from choreographers. 62 The highest incidence of injury was reported during class. This is in contrast to the findings of Bronner et al, 7 who reported a greater incidence of injury during performances. The intensity and dance-related activity of performance and rehearsal depend on the particular choreography/repertoire, which may contain sessions in which dancers do not need to perform, for example, full jumps or pointe work. Class represents a progression from lowimpact barre work to high-intensity and high-skill "center" work, including large jumps and turns and, for female dancers, en pointe. Considering the consistent exposure to this high-impact, highintensity work in class versus the more occasional exposures during rehearsals or performances, it is expected that with an injury definition based on the ability to undertake all dance activity required, a higher proportion of injuries would be reported during class, as it would be within these sessions that a limitation would be noted. The dancer's role within a particular choreography is determined largely by rank and gender, factors that also appear to influence the injury rate, despite the similarity of overall incidence of injury in females and males. Male principals performed major roles in which intense periods of solo dance pieces were coupled with supporting and lifting female partners in pas de deux. 54 The male first artists also performed many roles similar to those of the principals during this study period, and, consequently, both experienced a higher incidence of injury compared with male soloists, who were more commonly character dancers with less strenuous roles. The artists represent the youngest and least experienced members of the company, and they also reported the highest incidence of injury overall. The transition from full-time vocational (dance) school to the corps de ballet in a professional company can provide a number of challenges for these dancers, including the need to develop their technical expertise, as well as to achieve the strength and fitness levels required to perform at the professional level. These demands might have contributed to the increased rate of injury in both male and female dancers in comparison to other ranks. A difference in injury incidence was noted between the genders within the rank of first artist. Unlike a number of male first artists, female first artists were not used in principal roles, thereby reducing the comparative intensity of their workload and subsequently their risk of injury.
The association between age and injury has been found to be inconsistent in the dance literature. 7 In a study of Broadway performers, a link between higher age and injury was suggested. 14 Another study reported that dancers older than 25 years of age incurred greater shoulder and foot and ankle injuries. 47 In contrast, other studies have reported a greater incidence of ankle injuries and stress fractures of the foot in younger dancers 38 or in the category of 21-to 25-year-olds. 51 In this study, no correlations were noted between age and injury incidence or injury numbers. This suggests that the demands placed on dancers in this company appear to be a greater predictor of injury than age; as such, considering rank/roles and workload in particular, these demands are an important consideration in injury prevention strategies.
Limitations
This study has a number of limitations. The reliability and validity of the injury surveillance tool were not established. Due to the decision to implement this tool within a high-performance environment, it was decided that the same datacollection process from a seminal study on injury surveillance in high-performance sport 8, 9 should be used to improve confidence in the outcomes. In addition, a standardized injury data-collection form was developed to replace initialcontact medical records. One perceivable weakness of this method could be the failure of dancers to report injuries that result not in their inability to continue with all activities but in their ability to continue performing in a restricted capacity. Author bias in injury diagnosis may also be perceived as a limitation. International injury diagnosis codes 41 and weekly injury meetings with medical staff were used to reduce reporting bias. The use of estimated exposure may be a further limitation. Measured individual exposures will enhance our understanding of the challenges of dance and our confidence to provide suitable solutions to injury in the future. Although the company in question has a consistent repertoire and the amount of dance-related activity is determined by the contractual regulations of the dancers' union, along with consistent dancer numbers in the 3 years preceding this study, it should also be acknowledged that the sampling of data over 1 year might have affected the level of precision and that extending the period of study may enhance confidence in the trends observed.
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KEY POINTS
FINDINGS: Dancers recorded an overall incidence of 4.44 injuries per 1000 hours of dance. IMPLICATIONS: There is a need to introduce interventions to reduce the risk of injury due to the high number of injuries reported and concomitant loss of valuable dance hours. CAUTION: This study was undertaken on a sample of professional ballet dancers performing a mixed repertoire that included classical and contemporary ballets. This mixed exposure may limit the comparability of the data to those of other dance cohorts.
